Description 

DEVICE AND METHOD FOR RESTORING CONNECTIONS IN 
AUTOMATICALLY SWITCHABLE OPTICAL NETWORKS 

5 

The invention relates to an optical communication 
network according to the preamble of claim 1, network 
node devices for use in such an optical communication 
network and an optical information transmission method 
10 according to the preamble of claim 17. 

Optical communication networks generally exhibit a 
first transceiver device from which optical signals are 
transmitted via a data link to a second transceiver 
15 device with the interposition of a number of 
interconnected network node devices. The network node 
devices can be connected to one another in each case, 
e.g. via one or more optical waveguides. 

20 Within the communication network, data are transmitted, 
for example, with the aid of optical binary WDM 
(wavelength division multiplex) signals. In this 
arrangement, a number of wavelength-division- 
multiplexed pulsed optical signals can be transmitted 

25 via a single optical waveguide. 

In the optical communication networks currently in 
operation, the data link is not set up locally from the 
individual network node devices but from a central 
30 control device or a central network management. 

Apart from the actual "working" data link, a "standby" 
data link is also set up in parallel, independently of 
the state of the former. When disturbances (or 
35 excessive disturbances) occur on the "working" data 
link, the data transmission is then rapidly switched 
from the "working" to the "standby" data link 
(protection switching) . 



- 2 - 



In so-called ASON (automatically switched optical 
network) networks, in contrast to the optical 
communication networks currently being operated, the 
respective data links are set up by the network node 
5 devices themselves instead of by the abovementioned 
central control device. For this purpose, corresponding 
signaling signals are exchanged between the individual 
network node devices. 

10 The signaling signals can be sent out e.g. via 
corresponding signaling channels; the actual user data 
are then transmitted via separate user data channels. 

The invention has the object of providing a novel 
15 optical communication network, novel network node 
devices for use in an optical communication network and 
a novel optical information transmission method. 

It achieves this aim and other aims by means of the 
20 subject matters of claims 1, 15, 16 and 17. 

Advantageous further developments of the invention are 
specified in the subclaims. 

25 According to a basic concept of the invention, an 
optical communication network is provided in which 
optical signals are exchanged via a first data link 
between a first network node device and a second 
network node device with interposition of a number of 

30 further interconnected network node devices, in which, 
after a disturbance on the first data link, a third 
network node device sends a signaling signal to a 
fourth network node device connected to the third 
network node device for setting up a second data link 

35 which acts at least partially as a standby for the 
first data link, which signaling signal contains a 
parameter determined by the third network node device 
on the basis of which it is determined whether the 
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fourth network node device is responsible for setting 
up the second data link or not. 

The parameter preferably contains information with 
5 respect to the distance between the third network node 
device and a further , e.g. the second (or alternatively 
the first), network node device. 

For example the fourth network node device can then be 
10 responsible for setting up the second data link if the 
distance between the fourth and the second network node 
device, determined by the fourth network node device, 
is not less than the distance, corrected by the 
distance between the fourth and third network node 
15 device, between the third and second network node 
device . 

By this means it is possible to achieve the scenario, 
e.g., that the second data link (i.e. the standby data 
20 link) is set up by a network node device (e.g. the 
fourth network node device) which is relatively close 
to the location of the disturbance. 

The standby data link can thus be set up more rapidly 
25 than in the prior art. In the prior art, the 
responsibility for setting up the standby data link is 
forwarded to the network node device which was 
responsible for setting up the first data link (i.e. 
for example to the abovementioned first network node 
30 device) . 

In the text which follows, the invention will be 
explained in greater detail with reference to a number 
of exemplary embodiments and the attached drawing, in 
35 which: 

figure 1 shows a diagrammatic representation of an 
optical communication network according to a first 
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exemplary embodiment of the present invention; 

figure 2a shows a diagrammatic representation of the 
structure of a simple data network for explaining the 
5 principle of the "link state" protocol; 

figure 2b shows a diagrammatic representation of the 
structure of the data network shown in figure 2a after 
- a disturbance has occurred; 

10 

figure 3 shows a diagrammatic representation of the 
time sequence of signaling signals exchanged between 
the network node devices shown in figure 1 for setting 
up a data link; 

15 

figure 4 shows a diagrammatic representation of the 
time sequence of signaling signals exchanged between 
the network node devices shown in figure 1 in 
conventional methods for releasing a data link; 

20 

figure 5 shows a diagrammatic representation of the 
time sequence of signaling signals exchanged between 
the network node devices shown in figure 1 in 
conventional methods for restoring a data link; 

25 

figure 6 shows a diagrammatic representation of the 
time sequence of signaling signals exchanged between 
the network node devices shown in figure 1 according to 
an advantageous data link releasing/restoring method 
30 for releasing a data link; and 

figure 7 shows a diagrammatic representation of the 
time sequence of signaling signals exchanged between 
the network node devices shown in figure 1 according to 
35 an advantageous data link releasing/restoring method 
for restoring a data link. 



Figure 1 shows an optical communication network 11 (in 



this case an ASON (automatically switched optical 
network) network) according to a first exemplary 
embodiment of the present invention. This exhibits a 
multiplicity of network node devices 

1, 2, 3, 4, 5, 6, 7, 8, 9, 10 connected to one another 
via an optical waveguide network 20 (illustrated by a 
dot-dashed line in the representation according to 
figure 1) , and a multiplicity of subscriber line or 
client devices 12, 13. These can be, for example, 
further SDH (synchronous digital hierarchy), 
ATM (asynchronous transfer mode) or 

IP (internet protocol) client devices connected at the 
client end, for example IP routers. 

Within the optical waveguide network 20, each network 
node device 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 is connected 
via in each case one or more optical waveguide bundles 
or via one or more individual optical waveguides to in 
each case one or more (e.g. two, three, or four) 
further network node devices 1, 2, 3, 4, 5, 6, 7, 8, 9, 
10. The client devices 12, 13 are correspondingly 
connected via one (or more) optical waveguides 15a, 15b 
to in each case one particular (or alternatively to a 
number of) network node devices 1, 6. 

To transmit data within the optical waveguide network 
20 or the optical communication network 11, 
respectively, a WDM (wavelength division multiplex) 
data transmission method can be used, for example. Due 
to the wavelength division multiplex, a number of 
different pulsed optical binary signals can be 
simultaneously transmitted via each optical waveguide 
existing in the network by utilizing in each case 
different wavelength bands. 

Between the respective client device 12, 13 and the 
network node device 1, 6 in each case connected to it 
and between the different network node devices 



1, 2, 3, 4, 5, 6, 7, 8, 9, 10, a first optical 
waveguide channel is in each case used for transmitting 
user signals (illustrated by continuous lines in the 
representation of figure 1), and in each case a second 
optical waveguide channel is used for transmitting 
signaling signals (explained in greater detail in the 
text which follows and illustrated by dashed lines in 
the representation according to figure 1) . 

In the user signals, the actual user data are coded and 
in the signaling signals the signaling information is 
coded (see below). In the present exemplary. embodiment, 
the actual user data and the signaling information are 
in each case transmitted via different channels of one 
and the same optical waveguide (e.g. user and signaling 
channels separated from one another by means of 
wavelength division and/or time division multiplex) . In 
alternative exemplary embodiments, by contrast, the 
signaling information and the user data are in each 
case transmitted via separate optical waveguides and/or 
via separate paths. A transmission of the signaling 
information via a separate network, e.g. an electrical 
transmission network is also conceivable. Similarly, 
the exchange of signaling information can also take 
place, instead of between the network node devices 
affected as shown, between the respective network node 
devices affected in each case and one or more central 
network node devices in which the signaling information 
is processed. 

In the present exemplary embodiment, a "link state" 
protocol is used for exchanging data with respect to 
the current network state in each case between the 
network node devices 1, 2, 3, 4, 5, 6, 7, 8, 9, 10. 

"Link state" protocols are based on a "local map". Each 
network node device 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 
exhibits a storage device (not shown) in which a data 



record is stored which represents the complete 
(topological) map or structure of the optical waveguide 
network 20. The corresponding data records are 
regularly updated. 

In the text which follows, the principle of 
"link state" protocols is explained by means of the 
simple data network 16 shown in figures 2a and 2b. It 
exhibits five network nodes 17a, 17b, 17c, 17d, 17e 
which are connected to one another via internodal links 
21, 22, 23, 24, 25. 

According to table 1, for example, the structure of the 
data network 16 can be represented by the following 
data record stored in all network nodes 
17a, 17b, 17c, 17d, 17e: 
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Table 1 



In this table, the first variable Q ("link from:") is 
the identifier of the network node from which the 
respective internodal link originates, the second 
variable R ("link to:") is the identifier of the 
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network node to which the respective internodal link 
leads and the third variable S ("link") is the 
identifier of the respective internodal link. The 
fourth variable T ("state") identifies the state of the 
5 respective internodal link (the distance or "metric") . 

A working internodal link can be identified, for 
example, with the aid of a state variable T having the 
value "1" (compare fourth column of the above table) . 
10 If an internodal link is broken, the state variable T 
is correspondingly adapted (e.g. from the value "1" to 
the value "oo") . 

Since each node 17a, 17b, 17c, 17d, lie knows the 
15 complete network topology, each node can itself 
calculate the best path in each case to any other node 
17a, 17b, 17c, 17d, 17e. Because the same data record 
is stored in all nodes 17a, 17b, 17c, 17d, 17e, the 
paths are unambiguous so that no loops are formed. 

20 

Figure 2b shows a diagrammatic representation of the 
structure of the data network 16 shown in figure 2a 
after a change in the network topology, in this case a 
break in the internodal link 21 between 

25 node 17a (node A) and node 17b (node B) . The change in 
state of the corresponding internodal link 21 is 
detected by node 17a (node A) and by node 17b (node B) . 
The nodes 17a (node A) and node 17b (node B) then 
update the data record stored there and transmit the 

30 updated data record to the remaining network nodes 17a, 
17b, 17c, 17d, 17e. A so-called "flooding" protocol is 
used for this purpose. 

Again referring to figure 1, a (connection setup 
35 request) signaling signal is first sent from the client 
device 12 via the optical waveguide 15a (or the 
abovementioned signaling channel) to the first network 
node device 1 by means of corresponding optical binary 
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pulses for setting up a data link between the first 
client device 12 and the second client device 13. This 
signal contains, among other things, an identifier 
identifying the destination client device 13 or, 
5 respectively, the destination network node device 6 
connected to it (or its optical network address) . 

As already mentioned, each network node device 
1, 2, 3, 4, 5, 6, 7, 8, 9, 10 exhibits a storage device 
10 with a database in which a data record corresponding to 
the data record shown in table 1 is stored which 
represents the complete (topological) map or structure 
of the optical waveguide network 20. 

15 After receiving the (connection setup request) 
signaling signal, a control device (not shown) of the 
network node device 1 determines from the data record 
and the received destination network node identifier 
the optimum or shortest path to the destination network 

20 node device 6 (or, respectively, to the destination 
client device 13 connected to it) . For this purpose, 
the Bellman-Ford algorithm can be used, for example, or 
the "shortest path first (SPF)" algorithm according to 
E.W. Dijstra, for example. 

25 

Following this, a (connection setup request) signaling 
signal Si (SETUP) is sent, according to figure 3, from 
the network node device 1 to the next network node 
device contained in the optimum path determined (in 

30 this case the network node device 2) via the optical 
waveguide bundles 14a (or the corresponding signaling 
channel) by means of corresponding optical binary 
pulses. This contains, e.g., the identifier identifying 
the destination network node device 6 connected to the 

35 destination client device 13 (or its optical network 
address, respectively) . 



In a corresponding manner to the above, a control 



device (not shown) of the network node device 2 
determines, after receiving the (connection setup 
request) signaling signal SI, the optimum path to the 
destination network node device 6 from the network 
topology data record stored in its storage device and 
from the received destination network node identifier. 

As is also shown in figure 3, a further (connection 
setup request) signaling signal S2 (SETUP) 
corresponding to the signaling signal SI is then sent 
from the network node device 2 to the next network node 
device contained in the optimum path determined (in 
this case network node device 3) via the corresponding 
optical waveguide bundle, etc. 

In this manner, a data link between the first network 
node device 1 and the destination network node device 6 
(or the corresponding client devices 12, 13, 
respectively) , conducted via the path 

A-C-D-E-F is progressively set up. 

The successful setting-up of the data link is then 
reported by means of a (connection setup 
acknowledgement) signaling signal S3 (SETUP_OK) from 
the destination network node device 6 to the network 
node device (in this case network node device 5) 
preceding network node device 6 in the optimum path 
determined . 

This preceding network node device sends a further 
(connection setup acknowledgement) signaling signal S4 
(SETUP_OK) corresponding to the signaling signal S3 to 
the network node device (in this case network node 
device 4) preceding it in the optimum path, etc. 

In this manner, the successful connection setup is 
progressively reported to the individual network node 
devices contained in the optimum path (and thus also to 
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network node device 1 initiating the connection setup) . 

If there is a change in the topology of the optical 
waveguide network 20 (e.g. in the case of a disturbance 
5 or break in the link between the network node devices 
4, 5 - illustrated with the aid of three crosses XXX 
in the drawing) , this change is detected by the network 
node devices affected in each case (in this case 
network node devices 4, 5) . 

10 

The control devices of the respective network node 
devices 4, 5 then in each case update the data records 
stored there (e.g. by changing the value of the state 
variable identifying the state of the link between the 
15 network node devices 4, 5 from "1" to "co") . 

Next, the updated data record is transmitted by means 
of corresponding signaling signals transmitted via the 
abovementioned signaling channels in accordance with 
2 0 the abovementioned "flooding" protocol to the remaining 
network node devices and stored in their storage 
devices . 

As shown in figure 4, corresponding (connection 
25 release) signaling signals (N_RELEASE and 

N RELEASE_RECONN) are then sent out next by the network 
node devices 4, 5 affected in conventional methods. 
This is done along the original optimum path 
(D - C - B - A or, respectively, E - F) . 

30 

The (connection release) signaling signal S14 
(N RELEASE) sent out to the destination network node 
device 6 by the network node device 5 also tells the 
destination network node device 6 that there is no 
35 responsibility for restoring the link. In contrast, the 
(connection release) signaling signal Sll 

(N_RELEASE_RECONN) sent out by the network node device 
4 to the network node device 3 contains the information 
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that the originating network node device 1 is to 
initiate the restoration of the data link. As a 
response to the (connection release) signaling signal 
Sll, the network node device 3 sends to the network 
5 node device 2 a (connection release) signaling signal 
S12 (N_RELEASE_RECONN) corresponding to the signaling 
signal Sll. This network node device 2 sends a further 
(connection release) signaling signal S13 

(N RELEASE_RECONN) corresponding to the above signals 
10 Sll and S12 to the network node device 1 initiating the 
original link. 

The originating network node device 1 or, respectively, 
its control device, derives from the received signal 
15 S13 the information that a new data link to the 
destination network node device is to be set up from 
the originating network node device 1. 

After receiving the (connection release) signaling 
20 signal S13, the control device of the network node 
device 1 determines from the altered data record stored 
in its control device the optimum standby path to the 
destination network node device 6 (in this case path 
A-K-J-H-G-F). 

25 

Following this, a (connection setup request) signaling 
signal S21 (SETUP), corresponding to the signal SI 
shown in fiure 3, is sent according to figure 5 from 
the network node device 1 to the next network node 

30 device contained in the standby path determined (in 
this case network node device 10) via the optical 
waveguide bundle 14b. In a corresponding manner to what 
has been shown above with respect to figure 3, a 
further (connection setup request) signaling signal S22 

35 is then sent from the network node device 10 to the 
next network node device contained in the standby path 
determined (in this case network node device 9) , etc. 
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In this manner, a data link conducted via the standby 
path A-K-J-H-G-F is progressively set up 
between the first network node device 1 and the 
destination network node device 6 (or the corresponding 
client devices 12, 13) . 

The successful setting-up of the data link is then 
reported by means of a (connection setup 
acknowledgement) signaling signal S23 (SETUP_OK) from 
the destination network node device 6 to the network 
node device (in this case network node device 7) 
preceding network node device 6 in the standby path 
determined, and from there progressively via further 
(connection setup acknowledgement) signaling signals 
S24 to the other network node devices 8, 9, 10, 1 
contained in the standby path. 

Instead of the method explained by means of figures 4 
and 5, the following data link restoration method 
explained by means of figures 6 and 7 is particularly 
advantageously used in accordance with the invention: 

After a change has occurred in the topology of the 
optical waveguide network 20 (e.g. in the case of a 
disturbance or break in the link between the network 
node devices 4, 5 - illustrated by the three crosses 
X X X in figure 1), the respective change is first of 
all correspondingly noted, as described above, in the 
data record of the network node device 4, 5 affected in 
each case (for example by changing the value of the 
state variable identifying the state of the link 
between the network node devices 4, 5 from "1" to "oo") . 

Following this, the updated data record is transmitted 
by means of corresponding signaling signals transmitted 
via the abovementioned signaling channels to the 
remaining network node devices and stored in their 
storage devices . 
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Next, as shown in figure 6, corresponding (connection 
release) signaling signals (N_RELEASE and, 

respectively, N_RELEASE_RECONN) are sent out by the 
5 network node devices 4, 5 affected, along the original 
optimum path. 

The (connection release) signaling signal S34 
(N_RELEASE) sent out by the network node device 5 to 
10 the destination network node device 6 tells the 
destination network node device 6 that there is no 
responsibility for restoring the link. 

In contrast, the (connection release) signaling signal 
15 S31 (N__RELEASE_RECONN) sent out by the network node 
device 4 to the network node device 3 contains the 
instruction (linked to certain conditions explained 
below) to ensure a restoration of a data link. 

20 In contrast to the procedure explained in conjunction 
with figures 4 and 5, the restoration is not carried 
out from a predetermined network node device (e.g. from 
the originating network node device 1) . 

25 Instead, a network node device is given responsibility 
for a restoration of a data link if it 

i) can determine a standby path to the destination 
network node device; and 

30 

ii) the distance metric to the destination network 
node device has not diminished any further compared 
with the preceding network node device (additionally 
taking into consideration the distance between the 

35 network node device affected in each case and the 
preceding network node device) . 

If the above conditions i) and ii) apply to none of the 
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network node devices affected in each case, the 
originating network node device 1 is responsible for 
restoring the data link, corresponding to the situation 
in figures 4 and 5. 

5 

So that the network node device 3 receiving the 
(connection release) signaling signal S21 according to 
figure 6 can check in accordance with the above 
procedure whether it is responsible for the restoration 

10 of the link or not (checking the above conditions i) 
and ii)), the (connection release) signaling signal S31 
contains information with respect to the distance 
between the network node device 4 sending out the 
(connection release) signaling signal S31 and the 

15 destination network node device 6 (signal NRR ( 4 ) ) . This 
distance is determined by the control device of the 
network node device 4 by means of the above (updated) 
data record. In the present case, the distance or the 
metric between the network node device 4 and the 

20 destination network node device 6 has the value M" 
since a potential, working shortest path would lead via 
the four network node devices 9, 8, 7, 6. 

After the (connection release) signaling signal S31 has 
25 been received by the network node device 3, its control 
device determines the distance between the network node 
device 3 and the destination network node device 6 by 
means of the (updated) data record stored in the 
network node storage device. In the present case, the 
30 distance between the network node device 3 and the 
destination network node device 6 has the value "3" 
since a potential, working shortest path between the 
two network node devices 3, 6 would lead via the three 
network node devices 8, 7, 6. The distance value 
35 determined (in this case "3") is reduced by the value 
of the distance between the network node device 3 and 
the network node device 4 from which the network node 
device 3 has received the (connection release) 
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signaling signal S31, i.e. in this case by the value 
"1". The adapted distance value thus obtained (in this 
case "2") is compared with the distance value (in this 
case "4") transmitted from the network node device 4 
5 via the (connection release) signaling signal S31. 

If the compared distance values are of equal magnitude 
or if the adapted distance value determined by network 
node device 3 is greater than the distance value 
10 transmitted by network node device 4, network node 
device 3 is responsible for restoring the data link. 

If, as in this case, the adapted distance value 
determined by the network node device 3 is smaller than 
15 the distance value transmitted by the network node 
device 4, network node device 3 does not have 
responsibility for restoring the data link. 

Network node device 3 then sends to network node device 
20 2 a (connection release) signaling signal S32 
(N RELEASE_RECONN) corresponding to the signaling 
signal S31. This contains information with respect to 
the distance, determined in the above manner, between 
the network node device 3 sending out the (connection 
25 release) signaling signal S32 and the destination 
network node device 6 (signal NRR ( 3 ) ) . 

After the network node device 2 has received the 
(connection release) signaling signal S32, its control 

30 device determines the distance between network node 
device 2 and the destination network node device 6 by 
means of the (updated) data record stored in the 
network node storage device. In the present case, the 
distance between network node device 2 and the 

35 destination network node device 6 has the value M" 
since a potential, working shortest path between the 
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two network node devices 2 f 6 would lead via the four 
network node devices 3, 8, 7, 6. The distance value 
determined (in this case "4") is diminished by the 
value of the distance between network node device 2 and 
5 network node device 3 from which network node device 2 
has received the (connection release) signaling signal 
S32, i.e. by the value "1" in this case. The adapted 
distance value (in this case "3") thus obtained is 
compared with the distance value (in this case "3") 
10 transmitted by network node device 3 via the 
(connection release) signaling signal S31. 

If the adapted distance value determined by the network 
node device 2 is smaller than the distance value 
15 transmitted by the network node device 3, network node 
device 2 does not have responsibility for restoring the 
data link. 

If, in contrast, the compared distance values are of 
20 equal magnitude as in this case (or if the adapted 
distance value determined by the network node device 2 
is greater than the distance value transmitted by 
network node device 3) , network node device 2 is 
responsible for restoring the data link. 

25 

Following this and in accordance with figure 7, a 
(connection setup request) signaling signal S41 (SETUP) 
corresponding to the signal SI shown in figure 3 is 
sent from the network node device 2 to the next network 
30 node device (in this case network node device 3) 
contained in the (standby) path (in this case path B - 
C - H - G - F) determined by the control device of the 
network node device 2 via the corresponding optical 
waveguide bundle to set up a standby data link. 

35 

In a corresponding manner as shown above with respect 
to figure 3, a further (connection setup request) 
signaling signal S42 is then sent by the network node 
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device 3 to the next network node device (in this case 
network node device 8) contained in the standby path 
determined, etc. 

5 In this manner, a data link conducted via the standby 
path A-B-C-H-G-F is progressively set up 
between the first network node device 1 and the 
destination network node device 6 (or, respectively, 
the corresponding client devices 12, 13) . 

10 

The successful setting-up of the data link is then 
reported, according to figure 7, by means of a 
(connection setup acknowledgement) signaling signal S43 
(SETUP_OK) from the destination network node device 6 

15 to the network node device (in this case network node 
device 7) preceding the network node device 6 in the 
standby path determined, and from there progressively 
to the other network node devices 8, 3, 2 contained in 
the standby path via further (connection setup 

20 acknowledgement) signaling signals S44. 

As a result, a standby data link is set up in a 
relatively quick way starting from a network node 
device 2 located relatively close to the location of 
25 the disturbance or break in the original data link, 
which avoids unnecessary dual paths. 

In alternative exemplary embodiments not shown here, 
signaling signals (N_RELEASE and, respectively, 

30 N_RELEASE_RECONN) , corresponding to the abovementioned 
(connection release) signaling signals S31, S32, S34, 
are sent out by the network node devices 4, 5 affected 
by a disturbance of the data link, along the original 
optimum path; however, the responsibility for restoring 

35 the link is not allocated to those network node devices 
3, 2, 1 which are located on the original path between 
the network node device 4 and the originating network 
node device 1 but to those network node devices 6 which 
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are located on the original path between network node 
device 5 and destination network node device 6. 

In this arrangement, the network node device 3 is told 
5 by means of a (connection release) signaling signal 
(N RELEASE) sent out by the network node device 4 to 
the network node device 3 that there is no 
responsibility for restoring the link. 

10 In contrast, a (connection release) signaling signal 
(N RELEASEJRECONN) sent by the network node device 5 to 
network node device 6 contains the instruction (linked 
to certain conditions corresponding to the 
abovementioned conditions) to ensure a restoration of 

15 the data link. 

As an alternative, the responsibility for the 
reconnection can also be established in accordance with 
another, globally unambiguous metric (for example, the 
20 responsibility for the reconnection can be handed on in 
the direction of the network node device having the 
numerically greater or smaller network address) . 

As an alternative, the decision regarding from which 
25 side of the failed link the data link is to be restored 
can be made, e.g., on the basis of the distance between 
the point of failure and the respective network node 
end devices of the (broken) data link. For this 
purpose, each network node device involved must enter 
30 in its link table the lengths of the paths to the two 
network node end devices (i.e. to the originating 
network node device 1 and the destination network node 
device 6) during the original setting-up of the data 
link. In the case of a break in the data link, the 
35 network node devices affected in each case then compare 
the two values, additionally taking into consideration 
that the network node device on the other side of the 
break area has a path to the respective network node 
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end device which is shorter or longer by the broken 
path distance than is entered in the link table of the 
network node device affected in each case. If the two 
distance metrics are equal, the responsibility for the 
5 reconnection can then be determined in accordance with 
one of the abovementioned methods. 

According to a further alternative, the network node 
devices enter the responsible side in case of a break 
10 in the data link into the respective link table when 
the (original) data link is first set up. 

Moreover, in other alternative exemplary embodiments, a 
list containing the link identifiers of the data links 
15 newly to be set up can be transmitted in addition to 
the abovementioned "flooding" signals. 

According to a further alternative, the return path 
length n B ACK is restricted in the abovementioned 

20 algorithm. When the responsibility for the restoration 
of the broken data link has been forwarded from the 
network node device 4 affected to a particular number 
(e.g. n = 2) of network node devices, at the latest, 
the restoration of the data link is initiated by the 

25 corresponding network node device (i.e. even if the 
abovementioned condition ii) has not been fulfilled) . 

As an alternative, the return path length can be 
exclusively taken into consideration as criterion for 

30 the responsibility of a certain network node device for 
restoring the data link, instead of the abovementioned 
condition ii) , i.e. the distance metric. For example, 
the network node device to which a certain return path 
length (e.g. n=2, n=0, etc.) has been allocated can be 

35 responsible for the reconnection. 

According to a further alternative exemplary 
embodiment, the network node device receiving a 
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(connection release) signaling signal 

(N_RELEASE_RECONN) decides with the aid of a Bernoulli 
experiment (which can be performed, for example, by the 
corresponding control device by using a pseudo-random 
5 number generator) whether it is responsible for the 
reconnection or whether the responsibility is to be 
forwarded to the next network node device by means of a 
further (connection release) signaling signal 
( N_R E L E A S E_RE CONN) . 

10 

The probabilities used in the Bernoulli experiment can 
be based, for example, on the number of links connected 
to the respective network node device and/or on the 
distance (metric) of the network node device from the 
15 originating network node device and/or on the distance 
(metric) of the network node device from the 
destination network node device and/or on the 

instantaneous capacity utilization of the links 
connected to the respective network node device, etc. 

20 

As an alternative, if the standby data link is 
initially to be conducted along the original path, the 
network node device responsible for the data link 
restoration can instruct the next network node device 

25 initially to continue using the corresponding segment 
of the original path (e.g. the segment between network 
node device 2 and network node device 3) . In this case, 
a modified signal, e.g. a RECONNECT signal, is sent to 
the network node device 3 from the network node device 

30 2 instead of the (connection setup request) signaling 
signal S41, shown in figure 7 and sent from the network 
node device 2 to the network node device 3. 

In further alternative exemplary embodiments, a 
35 "standby" data link conducted via another path is set 
up in parallel in addition to the abovementioned 
"working" data link conducted via the path 
A-B-C-D-E-F in advance, i.e. with a "working" 
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data link. When disturbances (or excessive 
disturbances) occur on the "working" data link, the 
data transmission is then rapidly switched from the 
"working" data link to the "standby" data link 
(protection switching) . 

It holds true for all exemplary embodiments that the 
respective signaling signals can be transmitted in each 
case in an unprotected manner or alternatively in a 
protected manner. 



